The nitrate concentrations in shallow groundwater of the Yogyakarta City and its surroundings has increased to about twenty times in the period 1985-2018. The objective of this study was to analyse the distribution of nitrate concentrations in water well around the Code River, Yogyakarta. Flownets mapping was performed to find out the distribution and direction of potential groundwater pollution. Nitrate concentration was analysed by taking 18 groundwater samples scattered in the upstream, midstream and downstream areas of the Code River. The results of this study indicate that nitrate concentrations in the water well of upstream and downstream areas could still be used as a source of drinking water and recreation-irrigation-livestock. Meanwhile, the nitrate concentration in water well of the midstream area of the Code River, Yogyakarta City, mostly (80% of the sample) did not meet all classes of water quality standards. Human activities in the densely populated settlements were the main factors that influence nitrate pollution. Furthermore, groundwater flow in the study area leads from north to south and towards the Code River. This condition indicates that the nitrate concentrations in the groundwater can be a source of a pollutant for the Code River.
Introduction
Nitrate is a stable form of nitrogen which is similar to a conservative compound (Freeze & Cherry, 1979) . Due to the stable compound, nitrate concentration does not quickly change in physics, chemistry, and biology. Therefore, nitrate pollution becomes one of concern in the groundwater problem in the world. Commonly, excess nitrates in the human body can cause baby blue syndrome (WHO, 2003) . Another negative impact of nitrate surpluses on health can refer to Chang et al. (2010) ; Kuo et al. (2007) ; Ward et al. (1996) ; Kostraba et al. (1992) ; and Sadeq et al. (2008) .
According to Smith et al. (1999) , human and animal's waste are the primary source of nitrate pollution in Asian Villages. In Java, Indonesia, nitrate concentrations in most wells used for drinking water exceed the standards by WHO, >50 mg/L (Wetselaar et al., 1993) . The intensive establishment can increase nitrate concentrations in groundwater, as well as happened in Yogyakarta, Indonesia.
Yogyakarta's population growth in 2000 to 2000 was 1.04% per year and projected increase to 1.07% per year (37,084 people per year) in -2020 (BPS, 2015 Bappeda D.I. Yogyakarta, 2016) . This condition exacerbates groundwater nitrate pollution by the failure of on-site sanitation system (Putra, 2007; . The previous research by Sudarmadji (1991) shows that nitrate concentration in Yogyakarta Municipality in 1985 were classified good, around 2.8 mg/L. According to Putra (2007) , nitrate concentration in Yogyakarta increased to almost ten times, into 31.5 mg/L. Fathmawati et al. (2018) reported in 2017 that nitrate concentration in shallow unconfined aquifer in Yogyakarta City increase 20 times (56.5 mg/L) from 1985.
This study aimed to analyse the distribution of nitrate concentration in groundwater in the settlement area around Code River, Yogyakarta. The area around Code River is strategic because located in the downtown of Yogyakarta (Widodo et al., 2010; . However, water pollution is a serious problem that threatens this area. According to Widodo et al. (2013) ; Brahmantya & Purnama (2010); and Imroatushoolikhah et al. (2014) , Code River has been polluted, indicated by the quality that exceeds the drinking water quality standard by The Regulation of DIY Governor No 20, 2008. For these reasons, analysis of the source of the pollutant, especially nitrate, that causes pollution in The Code River is interesting research to do.
2.Methods

Study Area
The study occupied in around Code River which is part of the Code Watershed (4,188.2 Ha), as depicted in Figure 1 . It is located in three administrative regions, Sleman Regency, Yogyakarta City, and Bantul Regency.
The Code River flows from North to South with its upstream located on the southern slope of Merapi Volcano in the Sleman Regency, while its downstream recharge into Opak River in Bantul Regency (Figure 1 ).
Physiographically, the study area situated in Yogyakarta plain area as part of Solo Zones (Bemmelen, 1979) . Hydrogeologically, the area around Code River is part of Yogyakarta -Sleman Groundwater basin (Decree of President of Republic Indonesia No.26, 2011) . According to Hendrayana & Vicente (2013) , aquifer hydrostratigraphy in this area could be divided into three types, namely the unconfined aquifer, semi unconfined aquifer, and non-aquifer. The non-aquifer type consists of old Merapi deposits in the form of breccia and lahar deposit (Warsono, 1990) .
The studied area was classified as a moonsonal climatic area with rainy season occurs during November -April, while the dry season occurs during May -October. Data from Indonesian Agency of Meteorology, Climatology, and Geophysical (BMKG) in the Tanjungtirto station shows that the average of rainfall during 30 years period (1983 -2013) was 1,757 mm/year. Meanwhile, the mean temperature was 28.7 °C. Besides, the study by Listyani et al. (2012) examined that water balance analysis in the Code Watershed shows good water availability in this area.
The study area divided into three locations, upstream (Sleman Regency), midstream (Yogyakarta City) and downstream (Bantul Regency). Furthermore, these three locations are divided into West part and East part of the Code River, as present in Figure 1 . Selection of upstream-midstream-downstream locations considers the domination of settlement area around the Code River (Table 1) . This condition accordance with the aim of this study, that is analysing the distribution of nitrate concentration in settlement area spatially
Flownets Mapping
Flownets (groundwater flow pattern) analysis is used to determine the distribution and direction of potential groundwater pollution. Groundwater flows not only transport water but also the chemical element which are contained in groundwater (Richardson et al., 1992) . Flownet that combined with groundwater quality using GIS (Geographic Information System) approach useful for monitoring and managing groundwater quality (Sarvajayakesavalu et al., 2018 and Rawat et al., 2018) .
In this study, flownets made with three-point problem method. This method interpolates three nearest water level measurement point (Fetter, 1988) . The direction of groundwater flows determinate by drawing a perpendicular line of water level contour from the highest to the lowest hydraulic head. The sampling of groundwater level performed on 43 (24 samples in the west part of the river and 19 samples in the east) wells with the characteristic of a shallow unconfined aquifer. It was carried out in March which is the end of rainy season. Then, the entire sample was interpolated using ArcMap 10.3 software.
Nitrate Analysis
The sample for nitrate analysis was performed on wells and springs water. There are 16 samples for water wells in upstream, midstream, and downstream also two samples in springs which located in the southern slope of Merapi volcano (Figure 1 ). The sample of groundwater taken on 16 water wells in upstream, midstream and downstream. Two samples were taken on water springs located in the south slope of Merapi volcano (Figure 1 ). The water samples were taken as much as 100 ml for each location. Nitrate concentration analysed in the Laboratory of Hydrology and Climatology, Faculty of Geography, Universitas Gadjah Mada following the National Standardization (SNI 6989.79: 2011) . Furthermore, nitrate concentration being analysed based on water quality standard, determined by Regulation of DIY Governor No 20, 2008 (Table 2 ).
3.Result and Discussion
Groundwater Flow Pattern
Groundwater flow pattern map for six study area is presented in Figure 2 . Generally, groundwater flows from North to South due to the lower hydraulic gradient in the North area towards the southern coast of Yogyakarta. Hendrayana & Vicente (2013) (2018) showed that large cities in Java, Indonesia are threatened with subsidence, seawater intrusion and pollution due to excessive used of groundwater.
Furthermore, groundwater flows in upstream, midstream, and downstream that toward the river indicated the Code River is vulnerable to pollution. The result of the study supports the previous research by Widodo et al. (2013) and Imroatushoolikhah et al. (2014) , which stated that Code River had been contaminated with nitrate that has exceeded drinking water standard at the outlet of the river (24.5 mg/L) The nitrate concentration from 18 samples is shown in Figure 3 . It showed that Code River's upstream has the best groundwater quality, where all four samples have nitrate concentrations < 10 mg/L. There are even two samples that had 0 mg/L of nitrate concentration which located in south slope of Merapi volcano (the springs). This condition indicates that the area around Code River in Sleman Regency has class I -II groundwater quality, which can be used for drinking water and recreation-irrigation-livestock. Good quality of groundwater in the upstream area can be caused by the relatively non-dense settlement area (32%), as shown in Table 1 . As pointed out by Smith et al. (1999 ) and Wetselaar et al. (1993) , groundwater pollution in Java mainly affected by disposal of domestic human waste.
The midstream area has the worst nitrate concentration. Figure 3 showed that 80% of the sample in this study are not meet the water quality standard. Meanwhile, only two samples meet the criteria for groundwater quality to be used as recreation-irrigation-livestock (class III-IV). This condition reflects that groundwater in Yogyakarta City not suitable used as drinking water. Nitrate concentration that exceeded water quality standard caused by the domination of the settlement area, which shows 89% in Yogyakarta City (Table 1) .
The Code River's downstream area has two samples of nitrate concentration that meet the standard of water quality class I-II and also two samples classified as class III-IV. Rather than the midstream area this condition is better but compared to the upstream area it is worse. However, two samples with class III-IV were in the (2018) area that directly adjacents to the midstream area (Yogyakarta City). Prastoro (2009) and Fathmawati et al. (2018) affirmed that the Bantul Regency mainly tend to have low nitrate concentrations, except in areas that adjacent to the Yogyakarta. This condition was caused by the development of the Yogyakarta urban agglomeration which includes the surrounding areas. The Yogyakarta urban agglomeration (Pemerintah DIY, 2005 ) is a crowded city which caused the decreasing quality of groundwater due to improper sanitation system (Heng et al., 2010; Putra, 2010; Fathmawati et al., 2018) . Figure 4 examined that three samples by Putra (2010) which located in the Sleman Regency and adjacent to the Yogyakarta City has high nitrate concentrations (50-100 mg/L and >100 mg/L) The research result above was also confirmed by Putra (2010) and Fathmawati et al. (2018) . Both of them analysed nitrate concentration at the water well in Yogyakarta City and its agglomeration. Several samples in the vicinity of the Code River's area were analyzed in this study, as depicted in Figure 4 and Table 3 . Table 3 shows that the upstream and downstream of Code River's area still have tolerable groundwater quality based on its nitrate concentration. The samples in both locations showed the dominance on <10 mg/L and partly on <50 mg/L. Two samples by Putra (2010) that have nitrate concentration 50-100 mg/L located in Yogyakarta City's agglomeration (Figure 4) . Meanwhile, the midstream of Code River's area has the worst groundwater quality. All samples have nitrate concentration that does not meet the water quality standard for drinking water (>10 mg/L). Moreover, seven samples have extreme nitrate concentration (>100 mg/L).
The dominance of the settlement area caused the worst groundwater quality in the midstream of Code River's area. Putra (2010) and Fathmawati et al. (2018) pointed out that the highest nitrate concentration in the water wells of Yogyakarta City originally came from human faces due to lack of on-site sanitation. However, this study did not compare the ratio between nitrate and chloride concentration to determine the effect of human faces on water quality as explained by ARGOSS (2011) and Morris et al. (2003) . Nevertheless, the selection of the study area which is in the settlement dominance area corroborates the result of this study, that is the high nitrate concentration in the midstream area of Code River affected by the dominance of settlement areas.
The above state is also emphasised by Smith et al. (1999) who conducted research in Kotagede, Yogyakarta City. High nitrate concentration in water wells mostly caused by septic tank, since the unsaturated zone above the tanks has low nitrate concentration while below's have higher. Furthermore, the nitrate concentrations are determined by some main factors, namely: the strength of the source, the rainfall amount and distribution, the soil characteristics, the direction and flow velocity of the aquifer, and the distances between nitrate sources and wells.
4.Conclusion
The result of this study shows that nitrate concentration in water wells of the Code River's upstream are can be used for drinking water and recreationirrigation-livestock purposes. Meanwhile, most of the water well in the midstream of Code River's area exceed the water quality standard. This condition becomes urgent considering the population in the Yogyakarta City only depend on the groundwater resources to fulfil their needs for fresh water. In the downstream adjacent to the midstream area, nitrate concentration has a worse water quality standard compared to locations that far away from the midstream area.
Furthermore, the flownets mapping shows that the groundwater flows toward the South direction and the Code River. This condition causes the Code River becomes very vulnerable to water pollution. Also, follow-up studies can be conducted by using distributed or semi-distributed hydrological modelling, such as SWAT, QUAL2KW, and WASP. The hydrological modelling software can analyse the relationship between point source and non-point source of nitrate concentration toward the water quality of Code River. Thereby, evaluation and prediction regarding water quality in the area around Code River become more comprehensive.
